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"ABSTRACT

Spray drying is shown to be an effective and rapid method
for praparing samples for quantitative analysis by x-ray powdsr
diffraction. Previcusly intractabls problams like the simultaa~
eous analysis of multiple phases in orientation prone systems
can be carried out. Using this method, and a computer controlled
diffractometer, five and six phase analyses of Daveaian shales
can be accomplished in zpproximataly forty minutas. A rapid and
convenient method for using the absorptioa diffractioa technique
for x-ray quantitative analysis 1s described.

INTRODUCTION

X-ray powder diffraction is the principal tool used for the
quantitative analysis of crystalline phases in mixtures. In
spite of its wide spread use, the unraliability of intensity mea-
surements, principally due to preferred orientationm, continues to
sevarely limit its applicatiom. Quantitative analyses of orien-
tation prone materials, like the clay minerals, have been the
cause of a considerable number of studies over the years. The
methods arising from these studies usually ianvolve the prepara-
tion of a large number of reference patterns of orianted speci-
mens along with tadicus and problematic partical size separationms

(1=2).
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Spray drying powders to form sphearical shaped ajzzlomerates
has besn shown to minimiza praferred orizncation (3). This tech-
nigue should allcw x-ray quantitative analysis of praviously
intractable systems. This study was underialen Ior Lwo r2asons.
One was to estadblish a ranid and rouczina method for quantitative
phasa analysis as part of a large scale project for charactar-
izing thz eastern Uaited Statas Devonian oil and gas Dea:

shales. The second reason was to evaluate the effectivensss of
spray drying as a general sample preparation techaiqgue for ussz
in the quantitative analysis of oriantation prene matarials.
The complex clay containing Devenian shales are wall suited to
this purpose. .

Experimental

To assess the validiry, “accuracy and precision of quantita-
tive analysis using spray dried samplas, two mixtures of ainerals
were preparsd. One was a 60-40 weight percent mixture of kaoli-
nite and quarzz. The other was a mixture of illite, quartz,
faldspar and chlorite in proporticns similar to that found in
the Davonian shales. In addition the procedurs to be described
was applied to 29 samples of shales from West.Virginia and New
York State. ’

Since full chemical analysis of each of the shales to be
analyzed was available, from other work being dome in comjunction
with this study, the x-ray absorption coefficients could de cal-
culated. This permitted the use of the Diffraction Adsorption
Techaique of Analysis (4-3) based on the ralatiomship:

Thks i mixcure (%) mixture
weight fraction of phase j = j mixture ﬁ ;
Ihkz j pure 5) i pure

This equaticn has been applied in a number of studies where
authors usually determine (n/0) pixeyra oY direct measure-
‘ment. Most of these studies have commented on the errors intro-
duced by both orientation efforts and the errors in measuring
(/). Both of these sources of error should be minimal in

this study.

Qualitative analysis by x-ray powder diffraction showed
that the shales typically contain as principal phases: 1illite,
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siderite. In ordar td> cbtain the intensiziss of lin int

pure matarials, our winaral collaction was surveyad. The szampie
of each minaral with diffraction pattern closest In Ch2 pattimas
found in the shales was szlscted as a standazd. Dua to the hizh
dagr2e of paak overlap in the shale powder patf2rms, Lntagrataed
inteasities could not be obtaimed so background corractzad peax
haights wevra used. In order to avoid redsaterzining the stand-
ards before each analysis, a method was dav ich eliminatad
day to day variations in inci & i ty and line vol:-
age imstabilities in the detactor system. This zethod involvad
‘the fabrication, from brass, of an x-ray diffractom=2ter powdar

r

sample holder with a narrower than usual sample chamber. A cod-
stant portion of this sample holder was ian the x~ray beam duriag
each analysis. Brass was chosen because it had 2 non-ovarlappad
line at 49.075° 20 and because its other linzes did not ob-

scura those to be used in the mineral analyses. The ratio of
the intensity of the analysis line of =ach min2ral standard to
that of brass was then datarmined. Tadble 1 gives the 28 angles
used for counting the peaks and background for each material.
Using typical count rates for illite, a2 major phase, we calcu-
lated (6) that councing times of 300 sz2cormds on peaks and 100
seconds on background would produce rasults with counting errors
on the order of 1 percent. These times wers used {0 m=2asure the
intensity ratios given in Table 1. The standard daviations wera
computed from counting statistics.

All analyses were carried out using a Norelco Vertical dif-~
fractometer with a diffracted beam grapanitzs monochromator using
Cu Ko radiation. The diffractometer had a2 l© divergence slit
and a 0.003" recieving slit. It was aligned for high resolutiom
such that the Kuj — Xag doublet would resolve at 280 28, and
therefore relatively low count rates ware observad. The scien-
tillation detactor and a 28 controlling stepping molior were
connected to a Canberra interface which was controlled by a PDP
11 minicomputer. The computer is configurad with 58 X bytess of
memory and two floppy disk drives.

Computer Controllad Arnalysis

A computer program was written in FORTRAN IV for the PDP 1l
using the RT 1l operating system. The program is interactive,
requesting operating parameters from the user. Routine informa-
tion, which will not normally change from run to run, is storad
on a disk file. In fact, Table 1 is a listing of this file.
With the exception of the first record for brass, each racord on
the file contains the information necessary for the computer to
measure and computa the weight percent of a particular mineral

136
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TABLE 1.
Data Filaz for Computar Controlled Shals Analysis
Bkz Peak I Standard
Angle Angle u/p I Brass T
Brass 51.800 49.075 [100.] [300.]
Illite 17.000 19.840 4£3.0 1.070Q 0.087
Quartz 17.000 20.875 36.4 7.200 0.330
Feldspar 28.9090 27.950 ’ 37.9 5.740Q g.51a
Calorite 13.200 12.515 942 1.630 0.240
Pyrite 33.600 33.085 191.0 2.400 0..500
Kaolin 11.400 12.380 30.0. 2.775 0.041
Siderite 28 .500 32.100 154.0 2.580 0.140

phase in any unknowa sample. The first record provides the peak
and background angles for the brass line and the background and
peak counting times- in seconds to be used in the analysis of each
phase (these have bean placed in brackets).

The program has two modas of operation. The first mode is
to measure data for a new standard and add this to the existing
file, or creata a new file if ome does not exist. In this mode
the diffractometer is directed to oscillata, a user specified
number of times, between determinacion of the backgrournd cor-
rected intensi:iy for the brass peak and the peak chosen for the
new standard. When finished an average value for I standard/I
brass 1s computed along with its standard deviation. These
values with the other information in Table ! ars then added to
the end of the computar file. As new phasas wers encountared in
the shales a run of a purs standard mineral in this mode would
update the file and permit its analysis in any futura specimen.

The second mode of operation is the normal analysis moda.
Hera the computar dirscts the movement cof the detector to the
28 position of the brass peak, found in the first record on
the file and counts for 300 sec. Then the detector is posi-
_tioned to count background and the correctad brass inteasity is
computed. VNext the record corresponding to the first of the
mineral phases to be analyzed is read and the intensities are
measured. The mineral o brass intensity ratio is then calcu-
lated. Finally this value is converted into a weight percent
using the mass absorption coefficient and the intensity ratis of
the pure phase also found on the file. The analysis result for
this phase is printed om the operators comsole and analysis of

4
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Table 2. Sampla run of gquantitativs analysis computar program.

G

-4

o
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i

AUTOMATID QUALTITATIVI ANALYST

3
THE DNTENSITY RATIO MITHCD. VER 6
ENTER CURREZNT TWO-THETLN VALUZ: 4.0

ENTER MU ON RHO FOR THIS SPECTIEN: 438.5

———

ENZER TITLE FOR RUN:
MIDDLESEX SEALE 10 AM APRIL 29

1S TEIS A NORMAL RUN? (ENTER A ZERO) OR A LCCP RUN OR STANDARY?
(ENIER NWMMBER OF LCOPS):

Q

DO YCU WANT THE REF. PEAX DETERMDIED ONWLY ONCE? (ENIEZR 0), OR
BEFCRZ EACH UNK PEAR? (EWTIER 1):

9 .

HOW MANY STANDARDS DO YOU WANT TO DETERMIIE?
LISTDIG OF STANDARDS = (-1)

USE ALL STANDARDS IN RUN = (0)

SPECIFIC NUMBEIR OF SIDS = (#): 5

ENTER THE NUMBER OF STAMNDARDS TO BE RUW: 2,3,%4,5,6
MOUNT THE SPECIMEN IN THE DIFFRACTOMETIER.
WHEN READY; HIT RETURN

ANALYSIS RESULTS FCR-MIDDLESEX SEALE 10 AM APR 20

NAME PEAK-CNT BXG  NET-CPS SIGMA RATIO SIGMA CONC SIGIA

BRASS 38174. 1402. 113.23 0.75

ILLITE 22862. 19%6. 56.75 0.67 . 0.50 0.01 52.83 4&.30

QUARTIZ 63861. 1992. 192.94 0.95 1.58 0.02 31.03 1.42

FELDSPAR 15343. 2230. 28.8 0.63 0.23 0.01 5.15 0.46

CHLORITE 17318. 2394. 33.79 0.66 0.26 0.01 8.18 1.20

PYRITE 9675. 2280. 9.45 0.58 0.07 0.00 0.72 0.15
TOTAL 97.91 +, - 7.53

ANOTHER SAMPLE FOR THESZ STAMDARDS? YES = (0); KO = (1): 1
ANOTHER NEW SAMPLE? YES = (0); ¥0 = (1): 1

EXIT
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e next phase is begua. An exampla run of this mods of opera-

on is shown in Table 2. The underlined items arz tha user s

ensa to the questions asked bv the program. This examplz
tod that standards 2 throuzh 6 (a3 given inm Tablz 1) be
ad. This five-phass datarmination was then cavriad out

h no futther user intaerveation in approximataly Iorty =minuias.

I

Materials

Illite: this mica-like clay mineral has a vatiable composition
due to extensive solid solution. Our illite standard material
was purified from a sample of the American Petroleun Institiute
referance clay No. 36 (7) obtained from Wards (8). This illize.
found at Morris Illinois contains quartz as ths major impurity
and probaalj a trace of kaolinite. Preparation of this material
involvad grirding, suspension in an agquaous meﬂlum'(auout 10%.
by weight illite) with Calzecn addad as a deflocculan After 24
hours of settling, the top part of the soluticn was wltnqrawn,
centrifuged and dried. This purified material, which was subsa-
quently spray dried, contained only a trace of quartz, v ith a
total impurity level of probably 3%. Chemical analvsia showad
Si = 21.76%, Al 12.98%, Fe 2.88%, Mg 1.497%, Ca 0.42%, P 0.47%,
Ti 0.50%, Na 0.25%, K 3.24%. The most intense peak free from
serious overlap was chosen for analysis of e:c1 rhgse. For
spray dried illite this was the 11l line near 4,468, It is
interesting to note that this lins is more in;qnse than the
basal (001) reflection when the specimen is spray dried.

Quartz: a pure sample of < 200 mesa was ground for one hour
and spray dri Sinca th2 most intenmse quartz lines interferes
with the LllLto 003 we chose the second most intense line at
4.26A for anmalysis.

Feldspar: a sample of oligoclase from Mitchall County, Nortn

Carolina was closast in diffraction pattern to the shala feld-
spars. This material was analyzed as Si 28.80%, Al 12.33%, Fe
0.27%, Ca 3.44%, Na 6.25%, X 0.42%. The sample was grourd to

< 325 mesh and spray dried. The most intanse line near 3.203

was chosen for analysis.

Chlorite: a sample of ripidolite was used as a standard for
this platy disilicate material. A Wards sample from
Goscheneralpe Switzerland was ground to <325 mesh and spray
dried. Chemical analysis showed Si 11.5%, Al 10.98%Z, Fe 24.06%,
Mz 6.03%, Ti 0.02%. The 002 lire near 12.5° was used for
analysis.
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S v d ina watch is the o usa
pe2ak in both the calculated and spray driad patterns was used.
The powder Diffrzerion Tile patzern (5-710) incorrectly lists

Kaolinite: the sample, kaolex D-95, a

Gaorzia kaolia from the J.
M. dupbar Corp (9) was suificiencly fias to be spray dried diract-
ly . The partical siza is rsported (9) as being 52-587% < 2Zunm
and 12-13% >5 pa. The most intenmse line, 002 nz2ar 12.4°
was chosen for analysis. This lins is in the same location 2

[t

[

-4
the line used for chlorita. We were forced to use thase conflic-
ting lines because of their high telative intensities and the low
concentracion of these two minerals. To differsatiate chlorite
from kaolinite, oriented slidss of anon-spray dried shales ware
prepared and treated with DMSO (i0). The analysis of thesa dif=-
fraction patterns showed that when chloritz was present kaolin
was not and when kaolin was prasant cthare ware only trace amcunts
0of chlorite. Thus with the introduction of a small amount of
error the 12.4° line was measursd using either the chlorite or
kaolin standard dcpending cn the result of the DMSO test.

L [ Rl

Siderite: a Wards sample from Roxsbury Connacticut was ground
to <525 mesh and spray driad. This szmple coatzined about 5%

quartz which was igiored. The 104 raflection was used in the

analysis.

Shales: the shales of unknown composition wera broken into
fraeblnbsdad . L )

piaces of about 5 cm and ground first in a roll crusher. Repre-
sentative samples were obtained using a riffle-type splitter. A
15g sample was then ground to <325 mesh in a spex mill or mor-
ter and spray dried. Mass absorption coeffacients were obtained
by calculation from the krnown chemical analysis.

Two Phase Test Mixture: a 60% kaolinite &40% quartz mixture was
weigned ground together and spray driad. Tae mass absorption
coefficient was calculated as 31.8.

Four Phase Test Mixture: a mixture of 47.2% illite, 34.17% quartz
11.44 oligociose and 7.3% ripidolite was weighed, ground and
spray dried. These proportions are similar to those found in

the shales. The mass absorption cosfficient was calculated to
be 45.0.

Results and Discussion

F .

igure 1 is a scaming electren micrograch of ripidolite
which had been ground to <325 mash and spray dried. This is a

PR,
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re obtained. The
, such as ths Middlesex,
cizl prool=ds. The spray

he praparad kaolin-quart:

mixture averaged ovar three computer runs of approximataly ons

half hour each gavea:

-

Measurad Actual )
Kaolin 57.7% + 4.1 60.07%
Quartz 41.3%': 3.6 40.0%

The analysis results for the p
with proportions similar to thoses £

r2pared mixture of minerals
ound in DeVOﬂL'n shales arsa:

. } aaurad Preparad = .
Iilita 45.14 + 1.0 47 .25
Quartz 31.12 * 1.9 34 .1%
Feldspar 11.6% + 1.7 11.4
Calorite 7.47 ¥ 0.6 7.3

Thes2 data ware also averagad over
imataly &40 minutas each.

These rasults show accuracy an
tativa x~ray powdar diffractlion ana
Quantitacive mineral znalyses ars o

thrze computar runs of approx-

d precision typical of quaati-
lysas on synthetic materials.
fren only reportad o the

nearest five percent. On considering such factors as the miner

nature of thase materials, that anal

pura staadard and the numercus sour
analysis, these results are imprass

ysas are mada from a siagle
cas of error in the method of
ive. They Zurther confirm

3
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abilit of spray drying as a preparation
s

The quantitativa analysis, of thz five or 3ix phases idan-
tified in tha 25 Davoniaa shalas, surmed %o giva a =otal znaiyzad
mineral coantent begwean 907 and 1057%. A typical computer runm on
the Middlesax 7Y shale shown ia Figs. 5 zad 6 is givan in Table
2. The second from last column at the end of this table gives

o]
-

thae conceatration of the phasa in waight .percent. Thase runs
usually takz ths computar about forty mimutes to carTy out.

Sinca the results on the synthatic samples show daviationms
of as much as 3% and the total minerzl analysis of the shales
vary over a 157 range, some consideration of the sources of er—
ror is in order. First let's coasider errors in tha general
procadure not related to the mineral nature of the samples. Tas
problems of microabsornticn and of tha peak counting m2thod
well establisnad and have some effect in our proceduTea.
searious problam wnich arises caly with spray dried samples
the tendency of our. agglcmeratas to roll. This problem get
more saricus at higha angles where tha sample holder angle is
significant. The rolling of-the specimen introduces a sample
displacement error which will sigmificantly shift a peaks posi-
tion. Particularly when using the peak counting method this cap
introduce significant errors. This effect can De controlled by
two methods. One is to spray a clear amorghous lacquer over the
sample in the holder to keep it in place. The other is to add a
peak lccation routine iunto the computer algorithim to find the
top of the peak before counting. The traditional errors due 0
orientation and sample ichomogeneity appear not to be significant
in this method. '

a
mor2

i

s

(1%
[

[

v

The p:::cipal source of error in our anmalyses of th2 shalas
is ths diffzrence betwaen the mineral phasa found in the shale
and that used as a standard. A number of sarious assumpiions
have to be made in selecting standards. The extremely solid
solution prome chlorites, feldspars, illites and siderite found
in ths Devonian shales showed coasidarable variaticn im their
diffraction pattermns. For example the choice of oligoclase as
our feldspar standard does not imply that plagioclase and the
alkali Ee;daoars werz not also present. In addition to this
large error source the presence of impurity phases in our stand-
ards and the presence of small amounts of kaolinite in the chlo-
rite shales z2nd vice varsa introduced mere error. In general
the shales show a higzh background with nuzerous unidentifiable
small peaks; ralative changss in these under .tha peaks o be
analvysed, is another sourca of error. On considering all of
‘these difficultias the variaztions in the shale analyses seem
reasonabla. A moTe accurate analysis can be performed on any

13¢
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one shale bv a car2ful maicaing of standards to the mineral
phases. For tha survey w2 are coaductiag this improvement would
not justify the exitra tims required.

CONCLUSIOUY

Spray drving has bean shown to be a simple and effective
nethod for minimiziang orientation effects for quantitative x-ray
diffraction analysis. Use of this tachnigue provides a method
for the pravicus intractadla provlem of simultaneous multiphase
analysis in orientatica prone materials. Th2 complex mixtures
found in Devcnian shales can be analyzed by this method.
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